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ABSTRACT

Background: Complete excision of malignant cells offers the best chance of cure in oral cancer, but
microscopic tumor spread cannot be detected visually or by palpation. Hence, intraoperative frozen
section analysis is commonly used to assess surgical margins, providing rapid diagnosis, margin
evaluation, and guidance on malignancy status and lymph node dissection.

OBJECTIVE: We aimed to evaluate the role of frozen section diagnosis as a guide in resection of
surgical margins of oral cancer.

MATERIALAND METHOD: This retrospective study included 52 patients (264 margins) with oral
carcinoma who underwent surgical resection at SRMS-IMS. Frozen sections were examined
immediately for margins and later compared with hematoxylin and eosin-stained paraffin sections.
Patients with prior oral cancer, previous treatments, or no positive histopathology were excluded.
Margins were classified as positive (tumor present), close (between 1 - 5 mm) or negative (=5 mm).

RESULT: Out of 52 samples received and with a total of 264 margins examined, the intraoperative
frozen section demonstrated a sensitivity of approximately 79% and a specificity of about 98%. The
positive predictive value was 86%, and the negative predictive value was 98%.

CONCLUSION: In our evaluation, we concluded that frozen section is a valuable intraoperative tool
with high specificity but moderate sensitivity. It aids in identifying positive margins, allowing timely
revision during surgery.
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INTRODUCTION

Oral cancer is a major public health issue worldwide, and oral cavity cancers are among the most
prevalent tumors in the world. India contributes a significant number of cases annually, especially in
South and Southeast Asia, primarily due to the widespread usage of areca nut and tobacco [1,2]. Wide
surgical excision is the main treatment approach with curative intent for solid oral squamous cell
carcinoma (OSCC). The complete excision of the tumor along with a sufficient margin of surrounding
healthy tissue is the primary objective of this procedure, which is essential to the results for the patient
[3]. One of the most important independent prognostic factors in oral cancer surgery is the condition
of the surgical margin. Tumor-free or "negative" margins greatly lower the incidence of local
recurrence and boost overall and disease-free survival rates [4]. A margin is traditionally regarded as
"close" if it is between 1 and 5 mm, "negative" if it is 5 mm or more and "positive" if it is less than 1
mm away from the invasive tumor boundary [5]. Sometimes, a positive or small margin calls for
adjuvant treatments like chemotherapy or radiation therapy, which have their own side effects, or
even a second, difficult re-resection. Thus, the capacity to precisely determine the status of the margin
in real-time during the main surgical operation is extremely beneficial in clinical practice.
Intraoperative frozen section (IFS) analysis has become a widely used method to meet this need. A
tissue sample obtained from the surgical margin is quickly frozen, sectioned, and stained during this
treatment while the patient is still under anesthesia. Usually within 20 to 30 minutes, the pathologist
uses a microscope to make a quick diagnosis, telling the surgeon if the margin is free of tumor cells.
If malignant cells are discovered, the surgeon may immediately remove additional tissue from the
positive region, aiming to get a definitive clear margin in a single procedure [7].

The diagnostic accuracy and usefulness of IFS, however, are still being debated and assessed despite
its widespread usage and theoretical advantages. The technique has several drawbacks, one of which
is the possibility of sampling errors, in which the small tissue sample examined does not accurately
reflect the entire tissue and frozen artifacts that can alter cellular architecture, resulting in interpretive
difficulties of margin [8,9]. The accuracy rate has varied widely across trials, with sensitivity rates
changing considerably while specificity has remained consistently high [10,11]. Institutional self-
assessment is crucial because the precision might vary depending on the pathologist's experience, the
particular tumor subsite and institutional guidelines.

Considering the significant effects of margin status on a patient's outlook and future course of therapy,
tertiary care facilities, which frequently handle complicated cases and sophisticated instances must
pay close attention to it in order to analyze the effectiveness of their intraoperative evaluation
methods. For this reason, this study was conducted to assess the diagnostic validity of intraoperative
frozen section for margin, which includes the sensitivity, specificity, positive predictive value, and
negative predictive value assessing oral cancer surgery at our institution by comparing its findings to
the definitive results obtained via permanent histopathological analysis.

MATERIAL AND METHODS

We conducted a retrospective study in the Department of Pathology at SRMS IMS, over a period of
1 year from June 2024 to May 2025. During the study period frozen sections of oral carcinoma were
received for 54 patients. The tissues were taken as sample from all margins of the lesion, i.e. anterior,
posterior, medial, lateral and deep, from patients who are undergoing surgical resection for
malignancies. Also, each of the sample obtained were evaluated by both i.e. immediately prepared
frozen sections and routine paraffin sections and then compared at last. All the surgical resection
samples for oral carcinoma were considered except those with recurrence of oral cancer, prior
treatment (such as biopsy, nodal biopsy, radiotherapy) and lack of positive histopathology diagnosis.
All the frozen section margins immediately prepared were observed under light microscopy and
margins were classified as “positive” if margin showed tumor deposits (invasive and in-situ), “close”
when it is less then Smm and “negative” when it is equal to or more than Smm.
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RESULTS AND OBSERVATION

No. of No. of Presence of Presence of Negative Negative
cases margins carcinoma in carcinoma in frozen paraffin
evaluated frozen section paraffin section section section

54 264 19 22 242 237

No. of No. of  True positive True negative False False negative

cases margins positive

examined

54 264 19 237 3 5

No. of Sensitivity Specificity(%) Positive Negative Efficiency

margins (%) predictive predictive (Accuracy)
value(%) value (%)

264 79.17% 98.75% 86.36% 97.93% 96.97%

Negative Margin. Frozen section Positive Margin. Frozen section
(H&E) (4x) (H&E) (4x)

DISCUSSION

Complete oncologic resection with the surgical margin status being a key factor in determining patient
outcomes, is the cornerstone of effective surgical treatment for oral squamous cell carcinoma [3,4].
A positive surgical margin is strongly indicative of local recurrence and is linked to lower survival
rates, frequently requiring aggressive adjuvant therapy [6]. Intraoperative frozen section (IFS)
analysis is an essential real-time instrument in this situation because it gives the surgeon an
instantaneous microscopic evaluation of the margins. The main goal of this research was to compare
IFS's diagnostic accuracy at our tertiary care facility to the gold standard of permanent histopathology.
Our data indicate that IFS is a very helpful and precise instrument for the surgical treatment of oral
cancer. In our cohort, the high specificity and negative predictive value(NPV) imply that IFS is
extremely accurate when declaring a margin negative. On final pathology, it will probably be
determined to be negative. This gives the surgeon a great deal of assurance to carry out reconstructive
operations, reducing patient morbidity and avoiding needless surgery extensions. The high reliability
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of a negative outcome is consistent with the results of numerous other investigations that have also
demonstrated outstanding IFS specificity in head and neck cancer surgery [7,10]. In this scenario,
having a high NPV is especially important since it lowers the chance of leaving residual tumor behind
based on a false-negative result.

In contrast, the specificity of IFS in our trial was greater than its sensitivity, which, although helpful
in clinical practice, was lower. This suggests the possibility of false-negative outcomes, where IFS
was unable to identify the microscopic tumor presence that was later discovered on permanent
sections. This is a well-known drawback of the approach [8,11]. Sampling error is frequently cited as
the main factor behind false negatives. The pathologist is only able to analyze the tiny fragment of
tissue that was sent for analysis and this may not be representative of the whole surgical margin. There
may be a focus of malignancy in an adjacent, unsampled region of the margin. Additionally, if not
included in the selected tissue specimen, microscopic "skip lesions" or discontinuous tumor spread
might be overlooked. As the "Achilles' heel" of frozen section analysis, our findings concur with the
larger body of research that recognizes sampling error [9].

We also had a few false-positive findings throughout our series. An incorrect positive diagnosis may
result in the needless removal of more healthy tissue, which could make the patient's functional
impairments worse. These mistakes are frequently interpretive and may be caused by artifacts that
are introduced during the freezing procedure, which can alter tissue architecture and make it hard to
distinguish invasive carcinoma from severe dysplasia or reactive alterations [8]. The low rate of false
positives in our investigation indicates a high level of interpretative competence and supports the
overall conclusion. Even though every false positive is clinically important, the positive predictive
value (PPV) in our study was high, suggesting that a positive IFS finding is a reliable predictor of
actual margin involvement which supports the surgeon's choice to re-excise and the reliability of the
method as used by knowledgeable pathologists.

When comparing our findings to international standards, the accuracy rates at our institute are
comparable to those reported from other major centers. For example, DiNardo et al. emphasized the
usefulness of IFS in informing surgical choices and noted that they had achieved comparable overall
accuracy [7]. The variance in reported sensitivity across Variations in institutional procedures for
tissue sampling, tumor features and the particular subsites inside the oral cavity that are being
investigated may be reflected in various investigations [10, 11]. This also highlights the importance
of conducting its own quality assurance and regularly assessing the effectiveness of its IFS in each
institution.

CONCLUSION

In conclusion, our research supports the use of intraoperative frozen section analysis as a highly
accurate and dependable method for evaluating surgical borders during oral cancer surgery in a
tertiary care environment. Its high negative predictive value offers essential reassurance to the
surgeon, even if its sensitivity is constrained by underlying issues, notably sampling error. By
allowing for the prompt surgical correction of positive margins, IFS continues to be an essential
addition that maximizes the likelihood of a full resection in a single operation. To get the most out of
the technique's clinical advantages, it's important that the surgeon and pathologist have a good
understanding of its potential and constraints as well as effective communication.

LIMITATIONS

This study is not without its limitations. As a retrospective analysis from a single institution, the
results may not be generalizable to all practice settings. Furthermore, the final determination of a
"close" versus "positive" margin can sometimes be subject to inter-observer variability, even on
permanent sections. Future research could prospectively evaluate standardized sampling protocols or
incorporate novel intraoperative imaging techniques to complement IFS and potentially reduce
sampling error.
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